ABSTRACT. Previously, we serially transplanted tumors that produced colony-stimulating factor (CSF) into nude mice, who developed marked granulocytosis along with tumor growth; their leukocyte counts reaching approximately one million per cu mm. The numbers of CFU-GM, CFU-E, CFU-Meg, CFU-S and BFU-E were increased in nude mice bearing CSFproducing tumor.
We here report that tumor-conditioned medium (TCM) derived from the CSF-producing tumors had colony-stimulating activity (CSA) and burstpromoting activity (BPA) when normal murine spleen cells as well as normal human bone marrow cells were the target cells. The activity of TCM supported multilineage colony formation in 5-fluorouracil (5-FU)-treated mouse spleen cells, in which only the primitive population of stem cells was reserved. No interleukin-3 (IL-3) activity was detected in TCM when assayed using the IL-3 dependent cell lines. We conclude that the factor in TCM acts on pluripotent stem cells and on the early progenitor stage of various cell lineages. It is distinct from IL-3.
We previously reported that a patient with squamous cell carcinoma of the lung developed marked neutrophilic granulocytosis (10) . This tumor has been serially transplanted in nude mice for three years, and the mice have developed marked granulocytosis along with tumor growth, their leukocyte counts reaching approximately one million per cu mm. We also found that the number of granulocytemacrophage colony-forming units (CFU-GM) erythroid burst-forming units (BFU-E), erythroid colony-forming units (CFU-E), megakaryocyte colony-forming units (CFU-Meg) and colony-forming units in the spleen (CFU-S) all increased in number in the spleens of tumor-bearing nude mice as compared with the numbers in spleens of control mice (5) .
To determine whether the factor derived from the tumor acts on the primitive population of hemopoietic stem cells, we examined its effects on 5-FU-treated mouse spleen cells. In this system, primitive stem cells (day 12 CFU-S and CFU-GEMM) are well preserved, whereas more differentiated hemopoietic precursor cells such as day 8 CFU-S, CFU-GM, BFU-E, CFU-E and CFU-mast are markedly depleted (2, 12). We also studied the effects of tumor-conditioned medium (TCM) on normal human bone marrow cells and on normal murine spleen cells. 
RESULTS
Effect of TCM on BFU-E or CFU-GM formed by human bone marrow cells. Initially, we studied the effect of TCM on the BFU-E and CFU-GM formed by human bone marrow cells. GM colonies were formed by the addition of TCM to cultured human bone marrow cells (Table 1 ). The number of colonies formed was similar to the number formed by the addition of PHA-LCM to the positive control. On the addition of TCM and EP more eythroid bursts were formed than on the addition of EP alone, whereas TCM or PHA-LCM alone produced no erythroid burst formation. This result suggests that TCM had both CSA and BPA for human bone marrow cells.
Little amount of EP was detected by radioimmunoassay. Values in the range of 0 to 10 mU/ml are near the lower limit of sensitivity for this assay. Effect of TCM on the BFU-E or CFU-GM formed by murine spleen cells. We next investigated whether TCM had CSA and BPA for murine spleen cells (Table 2) . With the addition of TCM, a significant number of GM colonies were formed. The addition of both TCM and EP produced more erythroid bursts than the addition of EP alone, therefore, it appears that TCM had both GM-CSA and BPA for murine spleen cells, as well as for human bone marrow cells.
Effect of TCM on 5-FU-treated mouse spleen cells. To determine whether the factor in TCM acts directly on pluripotent stem cells, we examined the CSA in TCM for 5-FU-treated murine spleen cells. CSA was eluted in a fraction (Fr. 70) with a molecular weight 24,000 (Fig. 1) . This fraction also showed human-active BPA and GM-CSA (data not shown). The activity of this fraction was similar to that detected on the addition of 10 % PWM-SCM (positive control) ( Table 3 ). Various types of colonies could be seen by the addition of this fraction (Fig. 2) . These colonies were lifted with an Eppendorf pipette, then cytocentrifuged individually and stained by May-Grunwald-Giemsa reagent. Of the 60 mixed colonies observed, 48 consisted of three or more lineages (Table 4) . Neutrophils, macrophages, a mast cell and a megakaryocyte are shown in a multi-lineage colony in Fig. 3 . Murine IL-3 activity in TCM. Mouse IL-3 stimulates the growth of multipotential hemopoietic stem cells (13) , and proliferation of the IL-3 dependent cell line (3). We tested IL-3 activity in TCM with the IL-3 dependent cell line FDCP-2. Proliferation of FDCP-2 was not stimulated by TCM (Fig. 4) , whereas PWM-SCM and WEHI-3 conditioned media stimulated proliferation in a concentration-dependent manner. Consequently, it appears that TCM does not contain IL-3.
DISCUSSION
In a previous study (5), we reported a significant increase in all classes of hemopoietic progenitors in CFU-GM, CFU-E, CFU-Meg and CFU-S in tumor-bearing nude mice. There are two possible explanations for the increased CFU-S ; tumor CSF May-Grunwald-Giemsa reagent. Of the 60 mixed colonies observed, 48 consisted of three or more lineages (Table 4) . Neutrophils, macrophages, a mast cell and a megakaryocyte are shown in a multi-lineage colony in Fig. 3 . Murine IL-3 activity in TCM. Mouse IL-3 stimulates the growth of multipotential hemopoietic stem cells (13) , and proliferation of the IL-3 dependent cell line (3). We tested IL-3 activity in TCM with the IL-3 dependent cell line FDCP-2. Proliferation of FDCP-2 was not stimulated by TCM (Fig. 4) , whereas PWM-SCM and WEHI-3 conditioned media stimulated proliferation in a concentration-dependent manner.
Consequently, it appears that TCM does not contain IL-3.
In a previous study (5), we reported a significant increase in all classes of hemopoietic progenitors in CFU-GM, CFU-E, CFU-Meg and CFU-S in tumor-bearing nude mice. There are two possible explanations for the increased CFU-S ; tumor CSF mobilized CFU-GM thus producing the increased CFU-S, or the increased CFU-S was produced by proliferation of very primitive hemopoietic progenitors directly formed by other hemopoietic factor(s) produced by the tumor. We found that the factors in TCM acted on 5-FU-treated murine spleen cells which preserve the primitive population of stem cells and in which late stage progenitors are depleted. The colonies formed by 5-FU-treated murine spleen cells were composed of various lineages ; neutrophils, macrophages, eosinophils, mast cells, megakaryocytes and erythroblasts. In addition, TCM had both BPA and CSA for murine spleen cells. The possibility that the TCM-derived human lung cancer contained IL-3 was excluded because TCM did not support the proliferation of an IL-3 dependent cell line. The growth factors in our TCM appear to contain a multi-CSF distinct from IL-3.
Hemopoietic growth factors which induce pluripotent hemopoietic differentiation and stimulate the proliferation of very primitive stem cells have not yet been purified from human subjects. Welte et al. (14) reported that a human "pluripotent" hematopoietic colony-stimulating factor was derived from a human bladder cell carcinoma cell line 5637. Whether this factor is identical to the factor in our TCM must now be determined.
Recently, the cDNA of hG-CSF was cloned from a human squamous cell carcinoma cell line and from bladder carcinoma cell line 5637, which made recombinant hG-CSF available (6, 8) . Our previous studies showed that hG-CSF supports the murine GM colony formation directly and multilineage colony formation indirectly (11) . Human recombinant GM-CSF does not support colony formation of murine hemopoietic cells (4) .
Further study is required to determine whether the factors are single molecules that have supporting activity for very primitive murine stem cells and have CSA and BPA for human bone marrow cells. 
